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LANGLEY FULL-SCAIE TUNNEL

: By Stanley Lipson, Bennie W. Cocke, and

" ' Willjam I. Scallion

SUMMARY

! The results of an investigation to determine the drag, static
% ‘ stability, control effectiveness, boundary-layer conditions, and first-
%f - order effects of propeller operation on a =-scale model of a proposed

high-submerged-speed submarine with various bridge-fairwater and tail
configurations are presented. The model hull was a body of revolution
- N 30.66 feet in length and had a fineness ratio of 5. All data were

. N obtained at a Reynolds number of approximately 22 »300,000 based on
model length.

The drag of the complete scheme-2 model configuration (large bridge
fairwater and rearward-located tails) was approximately 63.5 percent
higher than the drag of the basic clean hull. The flooding and venting
openings were responsible for approximately 1lh.4 percent of the drag of
the complete configuration, and the complete model drag was approxi-
mately 9 percent lower with the alternate appendages (mlnimum bridge
i 'fairwater and forward located tails) installed. -~

fran - e AR

:VW ' ' The model was statically unstable for all configurations investi-
: gated in pitch and in yaw. The scheme-2 (rearward-located) tail with
= the large stabilizer produced the largest stabilizing moment; however,
! . on the basis of comparable areas, the forward-located tail was more

%@ effective for the propeller-removed condition. The effect of propeller

operation was to increase the stability and control effectiveness for
the rearward-located tails, which were influenced by the slipstream.
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For the forward-located-tail arrangement, located ahead of the propeller,
only minor effects were indicated. :

Boundary-layer and wake surveys at the stern of the model indicated
that the propeller was completely immersed in the low-energy wake but
did not show any extreme asymmetry in the flow at the propeller location.

INTRODUCTION

A general research program is in progress to determine a design
for a submarine with efficient submerged high-speed operation. Basic
studies of hull forms (reference 1) and surface openings, as well as
tests of specific model configurations, have been conducted in water
tanks at David Taylor Model Basin and Stevens Institute as part of this
program. In general, the models used in these tests were small scale
and it was not possible to duplicate details such as double hull con-
struction, flood- and vent-hole arrangement, and internal compartmenting
that would exist on the full-scale submarine. It was desirable, there-
fore, to evaluate carefully the drag and aerodynamic characteristics of
a large-scale model incorporating as many details as possible.

A %—scale model of the proposed submarine has been tested in the

Langley full-scale tunnel at the request of the Bureau of Ships,
Department of the Navy. The test program included: (1) force tests to
determine the drag, control effectiveness, and static stability char-
acteristics for a number of model configurations, both in pitch and in
yaw, (2) pressure measurements to determine the boundary-layer conditions
and flow characteristics over the rear of the model and in the region of
the propeller, and (3) an investigation of the effects of propeller
operation on the model aerodynamic characteristics.

This paper presents the complete results of these tests along with
pertinent analyses and includes all the data previously presented in
data report form (reference 2). All test results were obtained at a

-Reynolds number of approximately 22,300,000 based on model length.

SYMBOLS AND COEFFICIENTS

The symbols and coefficients used in the presentation of data were
chosen in accordance with one of the standard systems given in refer-
ence 3. All moment coefficients presented have been computed about a
point on the model which corresponds to the full-scale submarine center-
of-gravity location specified by the Bureau of Ships as 9.05 feet forward
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of the midlength point and 1.39 feet below the hull center line. Fig-
ure 1 illustrates the force and moment convention used in this paper.

D'

Kl

Ml

drag coefficient i—g—__
210
lateral-force coefficient X
1 .22
2Pt
K
rolling-moment coefficient [-———r
. 1l .3..2
=0 17U
2
. . s M
pitching-moment coefficient
1 ,3;:2
= 1-°U
2
yawing-moment coefficient —N
Eabald

drag force in direction of relative flow, pounds

lateral force componen;t, positive for force acting to star-
board, pounds

rolling moment, positive when acting to produce heel to
starboard, foot-pounds

pitching moment, positive when acting to produce positive
pitch (nose up), foot-pounds

yawing moment, positive when acting to produce yaw to star-
board, foot-pounds

mass density of air, pound—secondg/feeth

.free-stream velocity, feet per second

length of body, feet
local velocity, feet per second
angle of attack, positive nose up, degrees

angle of yaw, positive nose to starboard, degrees
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Bp rudder angle, positive when trailing edge deflected to port,
: degrees
Bg stern plane angle, positive when trailing edge deflected down,
degrees
R Reynolds number (E&E)
P static-pressure coefficient Tl )
40
)o) local static pressure, pounds per square foot
Po free-stream static pressure, pounds per square foot
/ .o\
dq free-stream dynamic pressure, pounds per square foot k%gj)
[T absolute viscosity of air, pound-seconds per square foot
' 2
q local dynamic pressure, pounds per square foot (pl)
2
dar bridge-fairwater dorsal rudder angle, positive when trailing

edge deflected to port, degrees

MOLEL

The %—scale model used in these tests was constructed to duplicate

ag closely as possible the details of double hull construction, such as
bulkhead location and margin plate installation as shown on Bureau of
Ships drawings for the full-scale submarine. Drawings and photographs
of the various configurations tested are shown in figures 2 to 9.

The basic body was a body of revolution having a length of 30 feet

_ 8 inches and.a'maximum:diamefermof 6 feetul% inches. Flood and vent

holes placed in the skin of the external hull and bulkheads between the
external and internal hull corresponded closely in number and location
to those specified for the full-scale submarine. The bulkheads located
as shown in figure 2 divided the area between the external and internal
hulls into compartments so that flow from one compartment to another
was prevented. The margin plates, also indicated on figure 2, ran
longitudinally the length of the flood compartments and prevented flow
between the ballast tank area and free-flooding area. Vent and flood
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holes in the outer hull were arranged so that the number of holes,

hole locations, and total hole area per compartment corresponded closely
to the full-scale specifications. A typical section indicating flood-
and vent-hole locations is shown in figure 2(b). The basic body with
all flood and vent holes open is subsequently referred to as the
"operational hull."

The complete scheme-2 configuration (Bureau of Ships designation)
consisted of the operational hull with a large bridge fairwater and
aft-located cruciform tail arrangement. The other two tail configu-
rations investigated consisted of, (1) the scheme-2 vertical tail
combined with a horizontal tail of smaller area than the scheme-2
horizontal tail, and (2) a forward-located tail arrangement of different
rlan form than the scheme-2 tail. A smaller bridge fairwater subse-
quently referred to as the "minimum bridge fairwater" replaced the
scheme-2 bridge fairwater for some of the tests. Figure 2(c) shows
the general arrangements of the various model configurations as well as
the areas of the different talls investigated.

The propeller used for some of the tests was a 26-inch-diameter
model of a four-~blade standard-type aircraft propeller, and was located
as indicated in figure 6 on the stern of the model.

METHODS AND TESTS

The model was mounted for test on the six-component balance system
in the Langley full-scale tunnel using a two-strut mounting system to
minimize strut interference (fig. 3).

Initial force tests were made to determine the aerodynamic char-
acteristics of the clean hull with all openings sealed and faired and
with all appendages removed. Successive tests were then made, as the
operational components of the submarine were installed, to determine
the effects of flood and vent openings, tall surfaces, and bridge-
fairwater arrangements on the model characteristics. In addition to.
these force tests, measurements were also made to determine the effective-
ness of the controls. All model configurations were tested through a
pitch range of *6° and three model configurations were also studied
through a yaw range from -3° to 9°. In conjunction with the force tests,
the flow about the model was studied by visual observation of wool tufts
attached to the surface of the model and by boundary-layer and wake
pressure measurements at several stations along the aft portion of the
model and in the region of the propeller.

A few tests were made with an aircraft type of propeller installed
to determine the first-ordexr effects of propeller operation on static
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stability, control effectiveness, and flow conditions at the rear of

. Al + +1 4 £
the model. For these tests the propeller was operated at thrust coef-

ficients approximating high-speed conditions as determined by setting
thrust equal to model drag (at o = 0°).

All tests were made at a tunnel speed of approximately T8 miles
per hour which corresponds to a Reynolds number of 22,300,000 based on
model length. All data have been corrected for the effects of strut
tares, tumnel buoyancy, and blocking. ‘

'RESULTS AND DISCUSSION

Drag

The results of the drag investigation are summarized in table I
and drag polars for three of the test configurations are shown in.
figure 10. These results indicate that the drag of the complete
scheme-2 configuration (D' = 0.00188) is 63.5 percent higher than the
drag of the basic hull (D' = 0.00115). This drag-coefficient increase
of 0.00073 is composed of increments of 0.00028 for the rear tail
installation (fig. 6), a total of 0.00027 for all flooding and venting
openings (figs. 4 and 5), and 0.00018 for the scheme-2 bridge fairwater
(fig. 9). Tests of the minimum bridge-fairwater and forward-located
tail installations (figs. 4 and 8) show that the complete model drag
would be reduced approximately 9 percent with these alternate appendages
installed. It should be noted that, although a careful evaluation of
strut tares was made for the model, it was not feasible to determine the
influence of the support struts on the drag increments measured for the
ballast-tank flood holes along the bottom of the model and the increments
measured for these holes may, therefore, be somewhat low. Despite the
low increments indicated for these ballast-tank flood holes, the total
drag of 0.00027, charged to all flood and vent openings, represents
approximately 1h.lL percent of the complete scheme-2 model drag
(D' = 0.00188).

The detailed flow studies in the junctures of the bridge failrwaters
and the tail assemblies indicated that, except at the blunt afterbody
of the minimum bridge fairwater, no separation tendencies were evident.

‘The attempt to reduce the drag of the scheme-2 rear tail configuration

by extending the chord and reducing the trailing-edge angle of the thick
inboard strut and by filleting the sharp step juncture (compare figs. 6
and 7) did not result in any appreciable reduction. This result is
attributed to the fact that the greater portion of this section of the
tail was enveloped by the thick boundary layer of the hull.
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Longitudinal Stability

In the ensuing discussion, the usual interpretation of the wind-
tunnel data has been made and the external aerodynamics of the model
have been treated as the prime factors determining the model's static-
stability characteristics. It is realized, though, that in order to
obtain a more realistic picture of the submarine's "flying qualities"
these static-stability results must be considered with other factors,
such as the effect of the metacentric height which may be of first-
order importance in the dynamics of the. submarine. Any analysis of
the submarine's dynamic stability, however, is beyond the intended
scope of this paper.

Effect of the appendages.- As shown in figure 11, the operational
hull was statically unstable through the piltch range investigated and,
while the addition of the various horizontal tail surfaces afforded some
improvement in stability, none of the arrangements tested resulted in a
statically stable configuration. The amount of stability provided by
the tail surfaces 1s probably more truly represented in the negative
angle~of-attack range where the tail was less affected by the rear
mounting strut. The forward-located horizontal tail is more effective
than the rear tail configuration with small horizontal surfaces installed.
Although the areas are practically equal, the forward tail gave about
25 percent more stability, even though the tail length from the center
of gravity is about 10 percent greater for the rearward-located tail.

Tests in yaw of the large rearward-located horizontal surface and
the forward-located tail (fig. 12) showed yaw to have practically no
effect on the static longitudinal stebility of the model. The nose-up

.trim shift, occurring with increased positive yaw, was slightly greater

for the rearward-located tail than for the forward- located horizontal
tail.

The effect on the model's longitudinal stability resulting from the
addition of the two different bridge fairwaters is shown in figure 13.
At zero yaw, the scheme-2 bridge fairwater gave a constant increment of
pitching-moment coefficient AM' of +0.0002 throughout the pitch range
investlgated This increment increased with yaw and at a yaw angle V¥
of 9. 2 varied from AM' = +0.00035 to +0.00075 while the minimum
bridge fairwater gave AM' = +0.0002.

Effect of control-surface deflection.- In the pitch range investi-
gated (5.7° to -6.30), angle of attack had little influence on the varia-
tion of pitching-moment coefficient with control-surface deflection for
the two rearward-located tail arrangements (figs. 14(a) and 14(b)). The
slopes of the curves of M' against &g (OM'/ddg of approximately
-0.0001 for the large rearward-located tail and -0.00005 for the small
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rearward-located tail) remain approximately constant up to a deflection
of sbout 15° and then are reduced by the separation over the controls
at high deflections. The tests of the forward-located tail surface
were conducted over a greater pitch range (9.7° to -8.3°) than the
rearward-located surfaces and at the higher angles of attack showed a
large loss in effectiveness past deflections of 15° (fig. 14(c)). The

1
slope of the curve of M' against B4 (%%— = -0.00008 at low deflec-
. . s .

tiong) increased up to a deflection of 15O but for the low angle-of-

attack rangé was only moderately reduced at the higher deflections.
Figure 15 affords a rapid comparison of the relative characteristics
of the three surfaces at a = 0.3° with the propeller removed.

Effect, of power.- The effect of propeller operation on the
longitudinal stability for the three horizontal-tail arrangements with
zero control-surface deflection is presented in figure 16. Inasmuch as
the boundary layer in the region of the forward-located surface was not
materially influenced by propeller operation, the negligible change in
the variation of M' with a for this surface, due to propeller
operation, may be considered the normal-force effects of the propeller.
In the case of the large rearward-located horizontal tail, however,
approximately 15 percent of the total surface area is located directly
aft of the propeller so that the stabilizing effect of the:propeller
operation is greater than that due only to the normal-force effects.
With the propeller operating and for the pitch range investigated,
angle of attack had no effect on the slope of the curves of M' against
8g for the large rearward-located horizontal surface (fig. 17). The
comparison of the relative effectiveness of the forward-located tail
and the large rearward-located horizontal surface previously given 1s
considerably altered when power is considered. As illustrated by
figure 18, where the propeller-removed curve for the forward-located
tail may be considered as equivalent to its expected propeller-operating
characteristics, it is evident that the large rear control surface has
approximately 50 percent greater effectiveness for the propeller-
operating comndition. . ' '

Lateral Stability

Effect of the appendages.- The variations of yawing-moment
coefficient N', rolling-moment coefficient X', pitching-moment
coefficient M', and lateral-force coefficient Y', with angle of yaw
are presented in figure 19 for five different appendage arrangements on
the operational hull. The model configurations were selected so that
the effects in yaw of the rearward-located (scheme-2) fin and rudder,
the forward-located fin and rudder, the scheme-2 bridge fairwater, and
the minimum bridge fairwater may be separated and analyzed, elther alone

3O iy
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- ’ or for various operational arrangements. The destabilizing effect of

S L’ the large scheme-2 bridge fairwater on the lateral stability character-

. istics is quite evident from the data presented in figure 19. As shown,

A . the characteristics in yaw of the two fin and rudder configurations,
which have nearly equal areas, are very similar with the movable surfaces
set at zero deflection. :

| The effect of pitch at various yaw angles on the yawing-moment-
g coefficient characteristics of the two tail arrangements is presented
@ in figure 20. Except at the higher angles of yaw, there is little

ﬁ variation in N' with angle of attack.

!

Effect of control-surface deflection.- At zero yaw, angle of attack
has little effect on the variation of N' with rudder deflection for
the rearward-located tail (fig. 21(a)) but does result in a trim shift
at the higher angles of yaw. The effectiveness of the rearward-located
(scheme-2) fin and rudder tends to decrease somewhat more rapldly with
increasing 85, for the higher yaw angle, v = 9.20, and at this yaw
the model could not be trimmed. The influence of angle of attack is
approximately the same for the forward-located tail (fig. 21(b)) as
noted for the rearward arrangement. For the forward-located fin and
rudder, however, the effectiveness increases at the higher &r's and
trim was almost attained at ¥ = 9.2° at the maximum surface deflection.

The effect on the lateral characteristics of deflecting the large
(scheme-2) bridge-fairwater dorsal rudder (fig. 9) is shown in figure 22.
The dorsal rudder was operated as a spoller, with its prime purpose
being to reduce the 1lift produced by the bridge fairwater in yaw. The
result of its action on eliminating the rolling moment due to the bridge
fairwater in yaw is presented in figure 22(a). For -0.3° and low
negative pitch angles, the effectiveness was approximately the same at
¥ = 6.2° as at zero yaw and almost full deflection of the dorsal rudder
was required to trim at ¥ = 6.2°. At an angle of attack of 3.7°,
however, +trim could not be obtained for a yaw of 6.2° and no further
effectiveness was attained past &g, = 10°.

f At ¥ =0° and B84, = 0°, the large bridge fairwater, considered

as a lifting surface, is at zero 1ift and the angle of attack of the
_ submarine,.that is, yaw.of the lifting surface, does not appear to have
any effect on the fairwater's resultant 1ift for the pitch range investi-
? gated. With increased dorsal-rudder deflection and, therefore, some
: increase in loading, the bridge-falrwater yawing-moment and side-force
o contribution is more sensitive to changes in pitch of the model
P (figs. 22(b) and 22(d)). At a yaw of 6.2°, the negative deflection of
a the dorsal rudder tends to reduce the 1ift loading and, thus, when
Bar = -40° is reached, the 1ift loading has been so reduced that the
submarine's angle of attack again has a small effect on the N' and Y!
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induced by the scheme-2 bridge fairwater. The pitching-moment coefficient
shows practically no effect due to deflection of the dorsal rudder

(£ig. 22(c)).

Pressure Investigation

Hull pressure distribution.- The variation with yaw of the surface
static-pressure distribution obtained along the starboard-side center
line of the model is shown in figure 23. These results do not show any
tendency for flow separation as indicated by the moderate adverse
pressure gradient at the rear of the model. The variation in magnitude
of peak pressure with yaw is small for the yaw range shown, although a
definite forward shift in center of pressure with Increasing yaw is
indicated, which produces the high degree of static instability for the
basic hull previously shown by force tests. It should be pointed out
that the irregularity in the pressure distribution, occurring approxi-

mately 2% feet aft of the nose, is caused by a slight discontinuity in

the hull surface where the nose section, which was readily removable for

maintenance purposes, joined the main part of the hull.

Boundary-layer surveys.- Surveys were taken at three different
longitudinal positions (0.801, 0.881, and 0.961) along the center line,
both on the upper surface and on the starboard side of the hull. The
effect of angle of attack on the boundary-layer flow of the basic hull
configuration is illustrated in figures 24 and 25. 1In general, the
boundary-layer thickness increased with increasing positive pitch and
with rearward position along the hull. The highest flow retardation was
evident in the survey taken at the higher angles of attack, either
positive or negative, at the 0.961 station along the starboard side
(fig. 25(c)). Flow studies, made by means of tufts attached to the hull,
showed a tendency for the flow at the aft end of the hull, at poésitive
pitch angles, to curve downward from the upper surface, over the sides,
and toward the lower pressure region of the under surface.

The same effect due to pitch was noted for the flow oyer the
operational hull (fig. 26), as was discussed for the basic hull, although
the variation of the velocity profiles for the various angles of attack

.considered was not as gréat for the operational hull as for the basic

configuration. The tendency for the velocity distributions obtained on
the rear of the operational hull along the upper-surface center line, to
become asymptotic to a u/U of 0.95, is probably due to wake effects of
the large (scheme-2) bridge fairwater.

The effect of hull condition is shown in figure 27. It is believed
that the higher energy flow obtained in the first 6 inches above the skin

eSS NNEEEN T MR
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for the operational hull (fig. 27) is due to the effects of turbulence
induced in the boundary layer by the venting slots on the hull upper
surface (fig. 4). As would be expected, the effect of propeller
operation (fig. 28) is to increase the velocity in the region close to

the propeller location.

Wake surveys.- The results of pressure surveys in the wake of the

| hull are shown in figure 29 for the scheme-2 fin and rudder with the

large horizontal tail installed and in figure 30 for the forward tall-
surface arrangement. For the former configuration, two survey locations
were investigated, one at the propeller location and one 9 inches aft of
the propeller location. These results are presented as contour plots
showing lines of constant ratios of local dynamic pressure to free-stream
dynamic pressure with the measured local static pressure coefficients
indicated throughout the wake.

The q/qO distributions for the two different tail configurations
were very similar at the station 9 inches behind the propeller and the
values were slightly higher than the pressures measured at the propeller
location. The distortion shown in the lower portion of the pressure
distributions of figures 29 and 30 is due to interference effects of the
tail-strut wake. These results indicate that the complete propeller will
be operating in the hull wake but do not show any extreme asymmetry in
the flow entering the propeller location.

Propulsive Efficiency

Although the propeller used during the tests was a standard type of
aircraft propeller which, when operating at the thrust-equal-drag
condition for these tests was not operating at its peak efficiency,
propulsive efficiencies of the order of 93 percent were obtalned with
the various tail configurations investigated. These high propulsive
efficiencies obtained by operating the propeller at the stern, and thus
converting the kinetic energy of the wake into useful work, have been

'vindicated by the analysis presented in reference 4, A similar result

in which a maximum propulsive efficiency of 92 percent was- measured for
the "thrust-equal-hull-drag" condition, was obtained in an unpublished

.,Wigvesﬁigation$of_a,sternapropellerparrangement,on”an airship model in

the Langley 19-foot pressure tunnel.
CONCLUDING REMARKS

1. The drag of the basic hull form (D' = 0.00115) is increased
63.5 percent by the installation of the scheme-2 appendages and opening
of the flooding and venting holes.

- P
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2. The flooding and venting openings contributed approximately
14.4 percent of the total drag of the scheme-2 model configuration

(D' = 0.00188).

3. The drag of the complete model was reduced approximately
9 percent by the installation of the alternate appendages consisting of

minimen bridge fairwater and forward-located tails.

L. The model was statically unstable in both pitch and yaw for all
configurations investigated.

5. The forward-located tail surfaces had a lower drag, were more
stabilizing, and produced more effective control than the comparable-area

rearward-located surfaces for the propeller-removed condition.

6. The results of propeller-operating tests indicate that propeller
operation had 1little effect on the stability or control effectiveness
for the forward-located tail configuration, whereas an appreciable
improvement in stability and control effectiveness was indicated for the

rearward-located tails.

7. The bridge-fairwater dorsal rudder was relatively ineffective in
reducing the rolling moment produced by the bridge fairwater in yawed
attitudes. Approximately full deflection (8gy = 40°) was required to
trim the rolling moment resulting at a yaw attitude of 6.2°.

8. Pressure measurements along the hull surface did not indicate
any tendency for flow separation. A forward shift in center of pressure
with yaw, indicated by these measurements, confirmed the instability of

the basic hull previously shown by force tests.
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9. The boundary-layer and wake surveys showed that the stern-
located propeller was completely immersed in a low-energy wake region
but did not indicate any extreme asymmetry in the flow at the propeller
location.
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TABLE I
SUMMARY OF DRAG MEASUREMENTS
t
Test Model configuration 2 - gg AD!
1 | Basic hull. Appendages removed; flood and
vent openings sealed and failred 0.00115 | =====~=
2 Same as 1 except scheme-2 rearward-located
tail installed with- the large horizontal ,
surfaces ' .00143 | 0.00028
3 Same as 2 except superstructure flooding and :
venting holes open aft of bulkhead 32 .00150 . 00007
4 | Same as 3 except superstructure flooding and .
venting holes open aft of bulkhead k4 .00161 .00011
5 | Same as 4 except all superstructure flooding _
‘and venting holes open .00165 .0000k4
6 | Same as 5 except ballast tank flood holes
open aft of bulkhead 32 .00168 [ . .00003
7 | Same as 6 except ballast tank flood holes
open aft of bulkhead 4 .00168 | ~------
8 Same as T except all ballast tank and
venting holes open (operational hull) .00170 .00002
9 Same as 8 except minimum bridge fairwater:
. installed .00182 .00012
10 | Same as 8 except scheme-2 bridge falrwater : ‘
installed (complete scheme-2 configuration)] .00188 .00018
11 | Same as 10 except fillets and fairings F
installed on scheme-2 tail surfaces .00187 -.00001
12 | Same as 10 except rearward-located _
(scheme-2) tail surfaces removed .00160 | -.00028
13 Same as 12 except scheme-2 rearward-
located fin and rudder installed with
the small horizontal surfaces .00184 .00024
14 | Same as 13 except forward-located tail
surfaces installed Neloxard .00017
'i-nna,pf
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Figure 1.- The stability system of axes and sign convention. Arrows
indicate positive directions of moments, forces, and control-surface
deflections. :
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Ballast-tank flood holes

Section A=A
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i bulkheads
\ last-tank section
- “bulkheads
N Rl SN
S i
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(a) General hull arrangement.

Figure 2.~ Sketches of hull configurations.
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(b) Flood- and vent-hole arrangements. _—

' Figure 2.- Continued.
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Horizontal surfaces

Forward=located tail surfaces

Vertical fin and rudder

Model tail surface areas (sq ft)
Surface ,] Fixed | Movable
avan area

Scheme~2 large

horizontal surfaces 8.80'| 4.48
Forward-located

horizontal surfaces 4,32 4,12
Scheme=2 small

horizontal surfaces 5.28 2.80
Scheme-2 vertical

surfaces (fin and

rudder) 736 3436
Forward-located

vertical surfaces .

(fin and rudder) 6.40 4.56

Top View

Schemeiz bridge
fairwater

Minimum bridge
fairyater

Side View

| B

Vertical fin and rudder
K] e

Scheme=2 rear-located tail surfaces

(c) Appendages.

=4

large horizontal surfaces

Figure 2.- Concluded.
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Figure 3.- General view of model in basic hull condition.
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Figure %.- Superstructure flooding- and venting-hole arrangement with
minimum bridge fairwater installed.
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Figure 5.- Main ballast-tank flood holes with scheme-2 bridge falrwater

installed.



Figure 6.- Scheme-2 fin and rudder with large horizontal tail installed.
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NACA RM SL50KO01 . g SN,

‘| @ Basic hull (Test 1) -

[ Operational hull with scheme=2 bridge
fairwater and rear-located (scheme-2)
tail installed

< Operational hull with scheme=2 bridge
fairmater and forward=located tail

/D installed

a, deg
o
OO
-

NEE &
© g \b\b

.00I0 .0014 .00I8 .0022 .0026
D’ |
Figure 10.- Variation of drag coefficient with angle of attack for three
model configurations. (See table I.) ¥ = 0% &, = 0%; &g = 0O,
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Figure 11.- Variation of pitching-moment coefficient with angle of attack
for operational hull, including scheme-2 bridge fairwater, with and

without tails installed.

¥ = 0% 85 = 0% &, = 0°,
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Figure 12,~ Variation of pitching-moment coefficient with angle of attack
and angle of yaw for the complete model with scheme-2 bridge fairwater
installed. 8, = 0% &g = 0°.
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Figure 13.- Variation of pitching-moment coefficient with angle of attack
for the model with and without bridge fairwater.
installed; &, = 09 &, = 0°.
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(a) Scheme-2 tail with large horizontal surfaces.

Figure 1k.- Variation of pitching-moment coefficient with diving-plane

deflection and angle of attack for three tail configurations
oO

v = 0%
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Figure 1k.- Continued.
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Figure 1l4.- Concluded.
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Figure 15.- Pitching-moment-coefficient variation with diving-plane
deflection for three tail configurations. a = -0.3% ¥ = 0°;
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Figure 17.- Variation of pitching-moment coefficient with diving-plane
deflection and angle of attack for scheme-2 tail with propeller
operating. Large horizontal tail surfaces and scheme-2 bridge
fairwater installed. V.= 0°; &, = 0O,
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Figure 18.- Variation of pitching-moment coefficient with diving-plane
deflection for two tail conflguratlons with and without propeller
operation. V¥ = 09; o = 0% r = O
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(a2) Yawing-moment coefficient, N'.

Figure 19.- Variation of yawing-moment coefficient, rolling-moment coeff-
icient, pitching-moment coefficient, and lateral-force coefficient with
angle of yaw for five model configurations. a = 0.3°%; &, = 0°; By = 0°.
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Figure 19.- Continued.
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Figure 19.- Continued.
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Figure 20.- Variation of yawing-moment coefficient with angle of yaw and
angle gf attack with scheme-2 bridge fairwater installed. 8y = 09;
8g = 0.
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Figure 21.- Concluded.
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(a) Rolling-moment coefficient, K'.

i .Figure 22.~ Variation cf rolling-moment coefficient, yaﬁing-moment coeffi-
' clent, pitching~moment coefficient, and lateral-force coefficient with
deflection of bridge-fairwater dorsal rudder. ,
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Figure 22.- Continued.
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Figure 22.- Concluded.
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Figure 23.- Effect of angle of yaw on hull pressure distribution along
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Figure 2k.- Effect of angle of attack on velocity distribution in the
boundary layer along top center line of basic hull. Bridge fairwater
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Figure 2k.- Continued.
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Figure 24.- Concluded.
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Figure 25.- Effect of angle of attack on velocity distribution in the

boundary layer along starboard side center line of basic hull.
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Figure 26.- Effect of angle of attack on velocity distribution in the

boundary layer along top center line of operational hull.
- bridge fairwater installed.
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Figure 27.- Effect of hull condition on velocity profiles in the boundary
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Figure 28.- Effect of propeller operation on velocity distribution in the

boundary layer at longitudinal station 0.961. Basic hull; o = 0°;
v = 0°.
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